The visualization and acquisition of information on substances within fingerprints have attracted considerable interest owing to their practical application in forensic science. There are still some challenges in the transfer and imaging of fingerprints and the extraction of residues. Here, a facile approach was successfully developed for transferring and recovering the pattern of fingerprints, which is based on surface-enhanced Raman spectroscopy (SERS) and an adhesive Au nanofilm (ANF). The reproducibility of SERS effects and the adhesive quality of the ANF enabled the transfer, recovery of the pattern and extraction of chemical residues from living/latent fingerprints. The results demonstrated that the pattern of living fingerprints, including ridges, furrows and sweat pores, was recovered on the basis of SERS mapping of the vibrational band of amino acids from endogenous protein substances. The dye rhodamine 6G (R6G) was employed as a developing agent to enhance the visualization of fingerprints by SERS mapping of the band at 1360 cm
Introduction
Fingerprints are regarded as among the most important forms of identication of individuals in common traces of crime scenes owing to their uniqueness and lifelong invariability. Fingerprint identication is widely used in access control, medical examination, forensic investigation and other elds.
1,2
The characteristics of human ngerprints are divided into three different categories, namely, the pattern of ngerprint lines; crossovers, ridge ends and so on; and individual sweat pores. 3 The minutiae of different levels have been considered to be the key point in the identication of ngerprints. In general, there are two ways to collect ngerprints: (i) the direct extraction of impressions onto a certain substrate, which is termed as living ngerprint collection and (ii) transfer from an impression onto different kinds of surfaces, which is dened as latent nger-print collection.
Currently, the acquisition and imaging of living ngerprints mainly rely on traditional methods such as marking on paper with an inkpad or using live scans. 4, 5 Such processes allow rapid visualization of the minutiae of ngerprints for identication. For latent ngerprint recognition, the use of specic chemical reagents or instruments enables the observation of colour or luminescence in the ngerprints, which provides an enhancement of the characteristic pattern of minutiae.
1 Read-out technologies that correspond to these methods, including colorimetric 6, 7 and uorescence methods, 8, 9 mass spectrometry, [10] [11] [12] infrared (IR) spectroscopy, 13,14 localized surface plasmon resonance (LSPR), 15 Raman spectroscopy 16 and so on, are employed in latent ngerprint identication. Conventional colorimetric methods rely on changes in the colour of latent ngerprints that have been developed with materials such as magnetic powders, 17 dyes, 18 ninhydrin 19 and cyanoacrylates 20 via chemical or physical reactions. Fluorescence methods rely on inherent uorescence or additional materials such as dyes, 21 uorescent quantum dots (QDs), 8 immunolabelled nanoparticles 22, 23 and metal or polymer nanoparticles. 9, 24 Most of these methods can be applied to a wide range of substrates but can only improve the patterns rather than extracting chemical information contained in latent ngerprints. However, chemical information involving sweat and its components and residues of explosives, drugs and chemicals is usually of great importance in crime tracking. Owing to the diversity of nger-print components, it still remains a great challenge to recover such chemical information by rapid visualization and imaging. Recently, great efforts have been made to extract chemical information contained in ngerprints. Thus far, new read-out techniques, for instance, mass spectrometry and vibrational spectroscopy, including Raman and IR spectroscopy, have been successfully developed to overcome the drawbacks of traditional identication techniques, such as their time-consuming nature, lack of chemical information and low sensitivity. However, the abovementioned read-out techniques are still accompanied by signicant disadvantages. For example, suppression of the ionization of analytes results in low sensitivity in mass spectrometric imaging. In vibrational spectroscopy, the trace water in ngerprints completely overwhelms the IR signals of chemical residues, and it is quite difficult to obtain Raman signals of trace residues owing to poor sensitivity. Furthermore, the exposure of latent ngerprints to different conditions results in difficulties in the visualization of nger-prints. Therefore, the development of a facile, non-destructive, highly efficient and low-cost analysis approach for ngerprint identication is highly desired, in particular for imaging the components of a ngerprint itself and enhancements in the visualization of latent ngerprints.
Surface-enhanced Raman spectroscopy (SERS) has been widely acknowledged to enhance conventional Raman signals by up to 14-15 orders of magnitude for adsorbed molecules.
25-27
Two mechanisms, namely, electromagnetic eld enhancement and chemical enhancement on the surface of molecules and nanoscale rough metals (mainly Au, Ag, and Cu), are widely accepted. 28, 29 Currently, SERS detection has attracted considerable attention owing to the availability of portable instruments and exible substrates.
30-32 SERS detection technology has been applied in the identication of trace evidence, including document identication and the detection of explosives, biological systems, drugs or drug metabolites and so on. [33] [34] [35] [36] Moreover, SERS imaging techniques have wide-ranging applications in life sciences, such as monitoring the expression of anticancer drugs in living cells and the characterization of complex biomatrix biolms. 37, 38 As a consequence, SERS has been developed as a promising approach for the identication of ngerprints owing to its ultrahigh sensitivity and abundant vibrational signatures, including the detection of components of residues [39] [40] [41] [42] and visualization. [43] [44] [45] Thus far, the applications of SERS in the detection of ngerprints can be divided into three categories: (i) the detection of endogenous and exogenous substances; (ii) visualization by SERS-based immunoassays or aptamer recognition; and (iii) direct visualization by SERS mapping. As examples of the rst category, the chemical composition of eccrine sweat and trace drug-related biomarkers in ngerprints were detected by SERS techniques. 39, 40, 46 Owing to the random distribution of the chemicals and the poor reproducibility of the SERS enhancements, SERS images and the patterns of ngerprints were not obtained in these studies. In the second category, on the basis of an immunoassay protocol Song et al. 44 developed an SERS imaging technique to detect different proteins within latent ngerprints. By the readout of SERS signals of Raman labels assembled on Ag immunonanoparticles, information on components was successfully resolved with high specicity and sensitivity. The pattern of latent ngerprints was then recovered on the basis of the different SERS responses of Raman labels used to modify Ag immunonanoparticles deposited on crossovers, furrows and ridge ends. Very similarly, the antibody was replaced by an aptamer for the visualization of latent ngerprints. Liu et al. 45 reported the high-resolution and universal visualization of latent ngerprints based on aptamer-functionalized nanoparticles with SERS probes. This approach exhibited several advantages, such as high specicity, comparable sensitivity, easy fabrication and no requirements for complicated treatments. It allowed us to identify various types of ngerprints on surfaces with different shapes. However, the immunoassay and aptamer recognition protocols were still time-intensive, and treatments in solution possibly caused the dissolution of endogenous or exogenous substances within the ngerprints, i.e., disappearance of the characteristic pattern of ngerprints. In the last category, a direct visualization method was developed on the basis of SERS mapping of trace chemical residues within ngerprints. A exible and transparent SERS metalm was fabricated by transferring a lm of Ag nanocubes onto a tape, and the SERS-active transparent tape was used to cover the ngerprint for enhancing the Raman signals of residues in the ngerprint. 43 The pattern of the ngerprint was recovered from the SERS intensities, which depended on the amounts of chemical residues in different ridges, furrows and crossovers. Moreover, the distribution of trace chemical residues was also measured using SERS spectral features accordingly. The exi-bility of the SERS tape enabled imaging to be performed on irregular surfaces with reasonable generalizability. To a certain extent, SERS signals that originated from exogenous substances brought about a limitation on the types of ngerprints owing to the random distribution of residues. Connatser et al. 41 developed an SERS imaging process that utilized the vibrational band due to C-H bonds in sebaceous matter deposited onto an Ag elastomer substrate. However, most of the external organic chemical residues and endogenous components in the nger-print contributed together to the SERS signal in this spectral region. As a result, the selectivity and ability to distinguish external residues and internal components in a ngerprint decreased dramatically. Therefore, on the basis of the above SERS studies of ngerprints, a direct approach for imaging the pattern of ngerprints is highly desired.
Here, a large-area adhesive and exible SERS substrate based on Au nanolm (ANF) was fabricated for imaging the pattern of living and latent ngerprints, together with the detection of chemical residues. ANF exhibits several advantages in comparison with conventional SERS substrates, including high enhancement factors, good reproducibility, cleanliness, durability, and exibility, as well as adhesiveness. It allowed us to collect and transfer ngerprints for imaging via adhesive interactions. Imaging of living ngerprints was achieved using the human body's own proteins on the skin. Besides, rhodamine 6G (R6G) was selected as a developing agent to enhance the pattern of latent ngerprints. Moreover, narrow and high-resolution SERS bands were suitable for identifying residues and endogenous components. The application of ANF in ngerprint identication recovered the pattern of the ngerprint and determined complex residues in the ngerprint simultaneously. It provides a new approach for ngerprint identication in the eld of criminal forensic science.
Experimental

Materials
Chloroauric acid tetrahydrate (HAuCl 4 $4H 2 O), hydroxylamine hydrochloride (NH 2 OH$HCl), trisodium citrate dihydrate (Na 3 -
and thiophenol (TP) were acquired from Sinopharm Chemical Reagent Co., Ltd., China. Polyvinylpyrrolidone (PVP, M w ¼ 10 000) was obtained from Acros Organics (USA). Methylene blue (MB) was bought from Shanghai Yuanye Biological Technology Co., Ltd., China. Rhodamine 6G (R6G) was bought from Sangon Biotech Co., Ltd., and cotinine (COT) was acquired from Toronto Research Chemicals. All solutions were prepared with Milli-Q water.
Substrate preparation and ngerprint collection Preparation of ANF. Au nanoparticles with a diameter of 30 nm were prepared by a seed-mediated growth method 47 using 15 nm Au nanoparticles as seeds, which were prepared by the Frens method. 48 In brief, 1 mL of 1% (w/w) PVP and 1 mL of 1% (w/w) Na 3 C 6 H 5 O 7 were added to 25 mL of 15 nm Au seeds, followed by the addition of 20 mL of 25 mmol L À1 NH 2 OH$HCl.
Next, 20 mL of 0.1% (w/w) HAuCl 4 $4H 2 O was dropped into the solution at a rate of 1 mL min À1 , followed by stirring for 20 min.
Then, the gas/liquid interfacial self-assembly technique was employed to form a large-area monolayer lm of Au nanoparticles (Au MLF) in a centrifuge tube aer the solution was kept for 16 h at a temperature of 40 C. 47 Finally, Au MLF was transferred to the adhesive side of tape to form ANF and was dried in ambient conditions prior to use.
Sampling procedure using ANF. TP was used as a model probe to evaluate the feasibility of ANF as an SERS substrate. Firstly, TP was fully modied on an SERS-active Au electrode, and then the electrode was rinsed with ethanol to remove excess molecules. The adhesive side of ANF was pressed continuously and tightly onto the Au electrode for 3 seconds and then peeled off for further measurements. This procedure allowed TP molecules to be transferred to ANF.
Living ngerprint collection. Living eccrine ngerprints were extracted with ANF. A clean ngertip was placed on ANF for 3 seconds, and then ANF was peeled off. Living ngerprints with external residues were prepared by the immersion of ngertips into a series of solutions and dried with N 2 . Similar collection procedures were performed for further SERS detection.
Latent ngerprint collection. Clean and contaminated latent ngerprints were both collected by pressing ngertips for a few seconds onto a cleaned object such as aluminum foil or glass.
The adhesive side of ANF evenly covered on the latent nger-print and was then peeled off for further detection.
Characterization
Scanning electron microscopy (SEM) images of ANF were recorded by a Hitachi SU800 microscope. Transmission electron microscopy (TEM) images were acquired using a Tecnai F30 microscope with an accelerating voltage of 200 kV. All SERS spectra were acquired using an XploRA PLUS confocal microRaman system from Horiba equipped with a 638 nm laser with a power of about 0.2 mW. The widths of the slit and pinhole were 300 mm and 100 mm, respectively.
Recovering the pattern of ngerprints
Firstly, photographs of ngerprints were captured by a camera attached to the Raman spectrometer. Secondly, SERS mapping was performed on the living/latent ngerprint within the area of each photograph. The step for the accumulation of each SERS spectrum was about 40 mm, 60 spots were recorded in each direction (x or y), and in total 3600 SERS spectra were recorded in the selected area. The acquisition time for each spectrum was 10 s. The SERS intensities of the characteristic bands due to internal components or external chemical residues were selected for the construction of SERS maps, and the pattern of the ngerprint was associated with the SERS mapping accordingly.
Live subject statement
All experiments were performed in accordance with the guidelines for human biomedical research from the Committee of Medical Ethics, the National Health Department of China, and the experiments were approved by the ethics committee at Soochow University. Informed consent was obtained from human participants in this study.
Results and discussion
Fabrication and characterization of ANF Excellent monodispersity of the Au seeds and nal Au nanoparticles was critical for the fabrication of ANF. This was further conrmed by a UV extinction spectrum, which showed a narrow absorption band (see Fig. S1A †) . Fig. 1A shows a TEM image of as-prepared Au MLF. It indicates that the mean diameter was about 30 nm and the Au nanoparticles were assembled in an orderly arrangement with a compact 2D structure. It was reasonable to assume that the small gaps between adjacent Au nanoparticles allowed the occurrence of a surface plasmon resonance (SPR) coupling effect, which contributed to a giant SERS effect and was dened in terms of "hot spots". Aer the transfer of Au MLF, an SEM image of ANF is shown in Fig. 1B , in which the substrate exhibits unique atness and uniformity from an optical point of view.
Normal SERS substrates exhibited poor reproducibility owing to the random distribution of "hot spots". This denitely brought about signicant difficulties in imaging surface compositions on the basis of SERS intensity. Therefore, the reproducibility of the SERS effect becomes a critical factor in recovering the pattern of ngerprints from the SERS intensities of endogenous and exogenous components. SERS mapping was performed on ANF using TP as a probe in a region of 20 mm Â 20 mm. A series of SERS spectra were acquired from 60 spots within the selected region (as shown in Fig. S1B †) . On comparing the average intensities at 1079 cm À1 of the 60 selected spectra, the variation in the intensity at 1079 cm À1 of each SERS spectrum was less than 10% (Fig. 1C) . Therefore, this demonstrated that ANF exhibited excellent uniformity, because ordinary SERS substrates oen exhibit differences in signal intensity of several orders of magnitude, which suggested that ANF ts the requirements for SERS mapping. Actually, ANF could be used to attach and transfer a nger-print or relevant sample. To demonstrate the sample collection procedure, ANF was used to cover a TP-modied roughened Au electrode and subsequently peeled off for SERS measurements. By comparing the SERS signals of the roughened Au electrode, ANF aer sampling, and blank ANF, the characteristic SERS spectrum of TP was observed for the former two substrates and was absent for blank ANF (Fig. 1D) . Although the SERS intensity was reduced remarkably aer sampling from the roughened Au electrode, the features of the SERS spectra of ANF with adhered residues were easily recognizable for identifying the composition of the sampled surfaces. Therefore, this proved that the transfer of TP from an Au electrode to ANF was feasible and conrmed that the adhesiveness of tape played an important role in the collection and transfer of samples. On the basis of the above experimental facts, ANF is suitable for collecting and recovering the pattern of ngerprints (living and latent) from different kinds of surfaces.
Living ngerprint capture with ANF
The composition of human skin is complicated, as there are always quantities of lipids, proteins and amino acids. 49 In addition, exogenous substances (residues) such as drugs, additives, and pesticides that originate from human social activity exist on the skin. It was expected to achieve both the extraction of target substances on a ngertip and SERS recognition based on the adhesive ANF. Two approaches were used to collect ngerprints: (i) living ngerprints were collected by placing the ngertip on ANF and (ii) latent ngerprints were collected by placing the adhesive ANF on ngerprints pressed onto different surfaces (as shown in Fig. 2 ). Aer the collection of the ngerprints, SERS measurements were performed to recover the pattern of the ngerprints on the basis of the SERS intensities of endogenous or exogenous substances within the ngerprints.
For living ngerprints, the adhesive side of ANF was employed for extracting the matrix on the ngertips, followed by SERS mapping. It was demonstrated that these ngerprint collection and SERS detection processes were convenient for in situ sample collection and the identication of information in various conditions without complex pretreatment and reactions.
We found that all ngerprints obtained from a living body by ANF had characteristic Raman spectra. Two dominant peaks at 1640 cm À1 and 1352 cm À1 were observed for the ridges of living ngerprints without exogenous substances (see Fig. S2 †) . Without the assistance of Au MLF or ANF, the obvious Raman bands of the ngerprints were absent. This suggested that the Raman signals of endogenous substances were effectively enhanced by the Au nanoparticles (as shown in Fig. S2 †) . Connatser et al. 41 observed a similar band in the range of 1600-1700 cm À1 , which was assigned to the relevant vibrational mode of amino acids. Pelton et al. and Han et al. attributed the peak at 1640 cm À1 to a vibrational mode of proteins (amide I band).
Therefore, it was believed that the peak at about 1640 cm À1 originated from endogenous substances within the ngerprint, and the pattern of living ngerprints could be recovered by SERS mapping of the band at 1640 cm À1 . The signicant difference in SERS intensities between ridges and furrows was used to demonstrate the different levels of detail and to recover the pattern lines of ngerprints. Fig. 3 shows an SERS map of a ngerprint based on the band at 1640 cm À1 , together with an optical photograph captured by the camera. A representative spectrum acquired from a ridge of the living ngerprint is also shown in Fig. 3A . It should be pointed out that the acquisition time for each spectrum was 10 s and the total acquisition time was about 10 hours for high-quality SERS images. However, this was also carried out within 6 min with reasonable quality for rapid identication (see ESI Fig. S3 †) . The rst-level details of lines of the ngerprint, including the lines of ridges and furrows, were clearly indicated by the SERS mapping. Secondlevel details, such as a termination point (marked as "a" in Fig. 3A ) and an interrupt ("b" in Fig. 3A) , were all well identied, as well as a pore ("c" in Fig. 3A ) in the ngerprint (as shown in Fig. 3A ). In the optical photograph, the gray part was assigned to the ngerprint ridge, and the corresponding position in the SERS map was the area of detectable signals. The bright area corresponded to furrow lines with an undetectable SERS signal. Therefore, on the basis of endogenous substances, the pattern of the ngerprint recovered from the SERS map closely coincided with the optical photograph (Fig. 3B) . In addition, an image of the living ngerprint was recovered by SERS mapping aer ANF was kept with the ngerprint in ambient conditions for 90 days, which indicated the reasonable stability of ANF and its ability to collect and store ngerprints.
Identication of multiple components in living ngerprints
In general, exogenous substances are always accompanied by endogenous lipids or proteins. The qualitative detection of exogenous substances is benecial for recovering the pattern of a ngerprint from an SERS map and hence achieving crime tracking. Therefore, COT was selected as a model molecule to demonstrate the performance of ANF in determining the composition of residues within ngerprints. 46 A ngertip was dipped into a 10 À3 M aqueous solution of COT, dried, and then pressed onto ANF. Two distinct SERS bands were observed unambiguously at 1030 cm À1 and 1640 cm À1 , respectively (as shown in Fig. S4A †) . The band at 1030 cm À1 was attributed to the relevant vibrational mode of COT. SERS mapping was performed on the basis of the SERS intensities of COT at 1030 cm
À1
and endogenous substances at 1640 cm À1 , respectively (as shown in Fig. S4B and D †). The observation of very similar patterns of ngerprints indicated that COT was distributed on the ngerprint in the same way as the endogenous substances. Moreover, the pattern determined from both SERS bands was exactly tted to an optical photograph of the ngerprint. Different amounts of COT in the different levels of detail of the ngerprint were associated with different intensities. Therefore, the pattern of the ngerprint was recovered successfully, accompanied by the ability to trace the composition of the exogenous residues. Unfortunately, although COT is considered to be a metabolite of nicotine, it was not detected on a smoker's ngerprint because COT was mainly present in the blood and urine rather than the skin sweat. This demonstrated that the performance of ngerprint imaging was improved signicantly, and this could be developed into a promising approach in the recognition of ngerprints and crime tracking. SERS has already been acknowledged to be a powerful technique for the characterization of molecules according to their characteristic peaks. Furthermore, the narrow and highresolution bands obtained by SERS mapping are promising for identifying and locating multiple components in nger-prints, because some residues did not always completely cover the ngerprint. SERS studies of two compounds present in ngerprints were performed to investigate the practicability of ANF in ngerprint identication. Here, we used R6G and MB as model compounds owing to their characteristic Raman bands with exact assignments. A ngertip was dipped into an ethanolic solution of R6G and dried. Subsequently, a small amount of an ethanolic solution of MB was spread on the ngertip and dried. The ngertip that contained R6G and MB was pressed onto ANF to leave the impression of a living ngerprint. The characteristic bands assigned to R6G and MB were observed unambiguously, i.e., at 1360 cm À1 for R6G and 1621 cm À1 for MB (as shown in Fig. 4A ). Therefore, chemical information on multiple components in ngerprints could be clearly extracted. Furthermore, SERS mapping was performed using the bands of R6G at 1360 cm À1 and MB at 1621 cm À1 , respectively ( and D). The pattern of the collected living ngerprint based on R6G molecules coincided with an optical image. This indicated that the distribution of R6G was associated with the details of the ngerprint. However, SERS mapping based on the band at 1621 cm À1 for MB indicated the pattern lines of ngerprints in the certain area that contained the residues. Although the whole pattern was not obtained, the composition of the residues was determined, which was considered to be direct evidence for crime tracking. In general, it was possible that Raman signals from the exogenous residues overwhelmed those from the endogenous substances, which resulted in difficulties in recovering the pattern of the ngerprint on the basis of the Raman signals of endogenous substances. Therefore, in the present case, the exogenous residue R6G played an important role in enhancing the pattern of ngerprints.
Extraction and imaging of latent ngerprints with ANF
The living ngerprint was always fresh, and the endogenous or exogenous substances that were le on ANF retained their original composition. However, the latent ngerprints were le on surfaces with different shapes and compositions, and the mixture of proteins, oil, sweat and other substances on the ngertip was transferred onto a solid surface accordingly. Moreover, exposure to air caused the ngerprints to age and their quantity and composition underwent changes, which resulted in difficulties in recovering the pattern of the latent ngerprints. Therefore, the extraction and imaging of latent ngerprints are highly signicant for crime tracking in forensic sciences. Collection and transfer procedures were necessary prior to imaging, and highly sensitive techniques were required for detecting the composition of endogenous and exogenous substances. In the present case, the adhesive ANF was attached to the latent ngerprints by its sticky side and was gently peeled off the substrates for SERS detection (as shown in Fig. 2 ). This procedure allowed latent ngerprints to be transferred from a crime scene to the laboratory for precise measurements. Unfortunately, the amounts of trace endogenous and exogenous substances declined dramatically during the collection and transfer of the latent ngerprints. Although the obvious SERS signals of proteins at 1640 cm À1 were obtained from certain spots rather than all corresponding pattern lines, poor-quality ngerprint patterns were observed when the characteristic band was used for SERS mapping (as shown in Fig. S5 †) . Therefore, a dye was introduced to improve the quality of images as a developing agent. R6G is commonly used in ngerprint identication owing to its interaction with functional groups of residues and charged groups of amino acids in ngerprints and was considered as a model molecule for SERS investigations owing to the distinct assignments of its characteristic vibrational modes. Therefore, a 10 À4 M aqueous solution of R6G was initially sprayed onto a latent ngerprint on a solid substrate and dried with N 2 . Secondly, the latent ngerprint modied with R6G was transferred to the adhesive ANF for SERS mapping (Fig. 5) . The characteristic SERS spectral features of R6G, including the frequencies and relative intensities of the bands, were observed on the surface of the adhesive ANF (as shown in Fig. 5A ). For this latent ngerprint, distinguishable details were not observed in its optical photograph (as shown in Fig. 5C ). By comparison with the optical photograph, the unambiguous pattern of the ngerprint was recovered on the basis of the SERS intensities of the band at 1360 cm À1 (Fig. 5B) . Positiondependent SERS intensities were determined along the Y-axis of the photograph of the ngerprint. Fig. 5D shows the distribution of the characteristic peak of R6G at 1360 cm À1 along the Y-axis, and the corresponding positions are shown in Fig. 5B and C, respectively. This proved that the alternating maximum and minimum values of the SERS intensity were caused by the pattern lines of ngerprints, i.e., maxima for ridges and minima for furrows. This explanation was further conrmed by SERS mapping of the ngerprint aer R6G was used as a developing agent. Therefore, the process of modication with R6G improved the efficiency of the visualization and collection of latent ngerprints.
Identication of latent ngerprints with residues
To further assess the ability of ANF to identify residues in latent ngerprints in real conditions, a volunteer was asked to dip a ngertip into a 10 À3 M aqueous solution of COT, which was dried and then pressed onto the surface of aluminium foil. A 10 À4 M aqueous solution of R6G served as a developing agent and was sprayed onto the latent ngerprint. Similarly, the latent ngerprint was collected and transferred to ANF. The representative spectrum displayed in Fig. 6A was acquired from ANF and exhibited the characteristic SERS spectral feature of R6G and the distinctive band of COT at 1030 cm À1 . Actually, only a small amount of COT was le in the latent ngerprint; hence, COT could only be discovered in some locations, which indicated the presence of such residues in the latent ngerprint. However, owing to the interaction with endogenous substances, R6G was distributed in the ngerprint in accordance with its pattern. Fig. 6B shows the corresponding SERS map based on the SERS intensities of R6G at 1360 cm À1 . Details of the ngerprint were demonstrated in the SERS imaging accordingly. As was mentioned above, the distribution of COT was not associated with the pattern of the ngerprint, and its SERS map lacked information on the details. Aer the SERS map of COT at 1030 cm À1 was overlapped with that of R6G at 1360 cm À1 , the pattern of the ngerprints was visualized, together with information on exogenous residues. Owing to the wide spectral range of SERS, the rich spectral signature was exploited to achieve the detection of various exogenous residues. The technique based on ANF in combination with SERS could be developed as a promising approach for combining the multiple functions of sample collection, visualization and analysis of trace exogenous residues.
Conclusions
In summary, a non-invasive imaging technique was successfully developed for the in situ sampling and recovery of the pattern of ngerprints on the basis of SERS and the adhesive ANF. The assembly of large-scale Au MLF on adhesive tape brought about high SERS activity and reproducibility, as well as adhesiveness and exibility. It enabled the collection and transfer of samples from different objects. SERS mapping was performed to visualize the pattern of ngerprints and monitor the distribution of chemical residues. The adhesive ANF collected two kinds of ngerprints, namely, living and latent ngerprints. For living ngerprints, the distribution of endogenous protein substances was used to form the pattern of the ngerprints on the basis of SERS mapping of the band at 1640 cm À1 assigned to the relevant vibrational mode of amino acids. The pattern lines of ridges and furrows were recovered unambiguously, together with the third-level details of sweat pores. The features of the pattern were closely associated with an optical image of the ngerprint. In order to improve the efficiency of the identi-cation of latent ngerprints, the dye R6G was employed as a developing agent for enhancing the visualization of latent ngerprints on the basis of SERS mapping of the band at 1360 cm À1 assigned to the vibrational mode of R6G. Moreover, exogenous residues, such as COT and MB, were also detected by SERS mapping, although their distribution in ngerprints was not associated with the pattern. The results demonstrated that the extraction process using the adhesive ANF could be employed to collect ngerprints on different objects. It allowed us to transfer ngerprints from a crime scene to the laboratory for precise identication. We believe that the technique based on the adhesive ANF in combination with ultrahigh-sensitivity SERS could be developed as a promising tool for the visualization of ngerprints and monitoring of trace chemical residues for crime tracking in forensic science.
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